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DEEP-SEA FAN DEPOSITION OF THE LOWER TERTIARY ORCA GROUP,
EASTERN PRINCE WILLIAM SOUND, ALASKA

By Gary R. Winkler
U. S. Geological Survey, Menlo Park, California 94025

ABSTRACT

The Orca Group is a thick, complexly deformed, sparsely fossili-
ferous sequence of flysch~like sedimentary and tholeiitic volcanic rocks
of middle or late Paleocene age that crops out over an area of roughly
21,000 km? in the Prince William Sound region and the adjacent Chugach
Mountains. The Orca Group also probably underlies a large part of the
Gulf of Alaska Tertiary province and the continental shelf south of the
outcrop belt; coextensive rocks to the southwest on Kodiak Island are
called the Ghost Rocks and Sitkalidak Formations.

The Orca Group was pervasively faulted, tightly folded, and meta-
morphosed regionally to laumontite and prehnite-pumpellyite facies
prior to, and perhaps concurrently with, intrusion of early Eocene
granodiorite and quartz monzonite plutoms.

In eastern Prince William Sound, 95% of the Orca sedimentary rocks
are interbedded feldspathic and lithofeldspathic sandstone, siltstone,
and mudstone turbidites. Lithic components vary widely in abundance
and composition, but labile sedimentary and volcanic grains dominate.

A widespread yet minor amount of the mudstone is hemipelagic or pelagic,
with scattered foraminifers. Pebbly =smandstone with rounded clasts of
exotic lithologies and locally conglomerate with angular blocks of
deformed sandstone identical to the enclosing matrix are interbedded
with the turbidites.

Thick and thin tabular bodies of altered tholeiitic basalt are
locally and regionally conformable with the sedimentary rocks, and
constitute 15-207% of Orca outcrops in eastern Prince William Sound.

The basalt consists chiefly of pillowed and nonpillowed flows, but also
includes minor pillow breccia, tuff, and intrusive rocks. Nonvolcanic
turbidites are interbedded with the basalt; lenticular bioclastic lime-
stone, red and green mudstone, chert, and conglomerate locally overlie
the basalt, but are supplanted upward by turbidites. From west to east,
basalts within the Orca Group become increasingly fragmental and amygda-
loidal. Such textural changes probably indicate shallower water to the
east.

A radial distribution of paleocurrents and distinctive associations
of turbidite facies within the sedimentary rocks suggest that the Orca
Group in eastern Prince William Sound was deposited on a westward-sloping,
complex deep-sea fan. Detritus was derived primarily from "tectonized"
sedimentary, volcanic, and plutonic rocks. Coeval submarine volcanism
resulted in intercalation of basalt within prisms of terrigenous sediment.



INTRODUCTION

Sedimentary and volcanic rocks of the Orca Group originally were
described by Schrader (1900), Grant and Higgins (1910), and Capps and
Johnson (1912) from the islands and immediately adjacent mainland of
Prince William Sound--an irregular embayment within the broad arc of
the Chugach Mountains between the Copper River and the Kenai Peninsula.
Recent work has shown that the Orca Group is more extensive than indi-~
cated in these pioneering studies; the Orca crops out over an area of
roughly 21,000 km? from the vicinity of Barkley Ridge on the east to
Blying Sound on the west (fig. 1). If rocks of equivalent lithology on
Kodiak Island, the Ghost Rocks and Sitkalidak Formations (G. W. Moore,
1967, 1969), and probable extensions of the Orca on the continental
shelf are included, the total area of outcrops on land and on the sea
floor may be as much as 93,000 kmZ. In addition, reconstruction of
Orca basin limits suggests that much of the Gulf of Alaska Tertiary
province west of the Canadian border, south of the Chugach-St. Elias
fault, and east of the Ragged Mountain fault is underlain by the Orca
Group.

Detailed stratigraphic and petrologic information on Orca sedimen-
tary and volcanic rocks has been gathered since 1970 in conjunction with
regional mapping in southern Alaska. Parts of this information have
been published recently (Winkler, 1973; Winkler and Plafker, 1974;
Plafker, 1974; Plafker and Lanphere, 1974); a geologic map of the Ragged
Mountain area (scale, 1:63,360) will be available soon (Tysdal and
others, 1975); and reconnaissance scale (1:250,000) geologic maps of
the Cordova and Bering Glacier quadrangles which cover much of the Orca
outcrop area are being compiled for publication.

The purposes of this paper are to assemble recently gathered infor-
mation on the Orca Group (particularly the sedimentary rocks), to
delineate a pattern of sedimentation and tectonism in eastern Prince
William Sound during early Tertiary time, and to assess where additional
information may be gained that will clarify the early Tertiary evolution
of other areas of southern Alaska.

My field work on the Orca Group was carried out during 1971, 1972,
and 1974, as one part of comprehensive U.S. Geological Survey studies
of the Gulf of Alaska Tertiary province and the major fault systems of
southern Alaska under the leadership of George Plafker. I am indebted
to Plafker for generous advice and assistance, and to Plafker and Tor H.
Nilsen for critical review of this manuscript. I gratefully acknowledge
a grant-in-aid of research from The Society of The Sigma Xi, which
defrayed part of the costs of the 1971 season.







































Most recent studies of modern turbidite dispersal systems have been
on submarine fans at continental margins (e.g., Shepard and others,

1969; Komar, 1969; Piper, 1970; Normark, 1970, 1973; Haner, 1971; Curray
and Moore, 1971; Burke, 1972; Nelson and XKulm, 1973). These systems
generally are unrestricted seaward and slope gradually toward an abyssal
plain. There seem to be few modern analogues of laterally enclosed,
elongate marine basins that are receiving thick accumulations of flysch-
like sediments.

Directions of sediment dispersal on modern deep-sea fans are mostly
inferred from the orientation and distribution of fan channels and inter-
channel areas (Nelson and Nilsen, 1973, p. 83). Fan channels radiate
outward and downward from the fan apex; channel levees and interchannel
areas slope laterally away from channels as well as down the fan. Migra-
tion of channels through time and inconsistent overspilling of turbidites
away from channels presumably result in a very complex overall radial
orientation of sediment dispersal patterns.

Nilsen and Simoni (1973) have demonstrated a radial distribution of
paleocurrents from the Butano Sandstone in California that is analogous
to the inferred dispersal pattern on modern deep-sea fans. The Orca
pattern suggests that such a distribution of paleocurrents may be a
distinguishing characteristic of ancient deep-sea fans in general.

Facies Associations

Recent studies by Mutti and Ricci Lucchi (1972), Mutti (1973), and
Walker and Mutti (1973) have ascribed distinctive sequences and associa-
tions of turbidite facies to deep-sea fan depositional settings (fig. 11).

Most Orca Group sedimentary rocks in eastern Prince William Sound
have facies associations that are characteristic of a middle fan (or
suprafan) setting, although perhaps a small volume of Orca sedimentary
rocks was deposited in an inner fan setting.

On modern deep-sea fans, the middle fan has two distinct environ-
ments (Normark, 1970): multiple distributary channels near the inner fan
that are transitional down the fan into depositional lobes. In the
channeled environment, mostly massive sandstone--perhaps with a pebbly
base-~is present, and it grades upward into thinner facies C and D
turbidites. There is little lateral continuity of beds, with abrupt
facies changes between channel, levee, and interchannel deposits. There
may be considerable variability in paleocurrent directions, but basically
the pattern will be down the fan laterally from the basin margin toward
the basin axis. Although the total volume is small, these facies asso-
ciations are widespread in Orca rocks, indicating some deposition in
abundant distributary channels or in widely migrating channels. The
great majority of Orca turbidites in eastern Prince William Sound, however,
apparently were deposited in a depositional lobe environment, which is
characterized by facies D and C turbidites. Individual beds tend to be
more continuous laterally; there are only minor massive sandstone beds
and channels. Paleocurrents are divergent on the depositional lobes,
giving an overall radial pattern.
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The thick Orca conglomerates of Galena and Simpson Bays may repre-
sent two distinct inner fan channels--feeders of turbidites to the middle
fan region. They indicate considerable erosive capability, since they
include intraformational blocks and clasts that may have been derived
from undercutting of the channel sides.

SUMMARY AND TECTONIC IMPLICATIONS

Uplift and emergence of the upper Mesozoic terrane of southern
Alaska and its accretion to the continental margin in latest Cretaceous
or earliest Tertiary time (Plafker, 1969; Jones and others, 1971) created
a substantial source of partly tectonized sedimentary, volcanic, and
plutonic sediment. Orca detritus is not sufficiently diagnostic to
identify its sources with certainty. Most likely it was derived from the
adjacent Valdez terrane in the Chugach Mountains. Right-lateral strike-
slip translocation of the Orca Group from remote sources during Tertiary
time is unlikely, but is not precluded.

Paleocurrent patterns and turbidite facies associations suggest that
the lower Tertiary Orca Group was deposited on a complex deep-sea fan
proximal to the continental margin. Submarine volcanism was active near
enough to the continent for tholeiitic effusive rocks to be intercalated
within the prism of terrigenous sediment. Age and structural relations
suggest that accumulation of sediment was rapid and that initial defor-
mation was nearly coeval.
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